S
ynchronized intermittent mandatory ventilation (SIMV) is a mode of mechanical ventilation that allows patients to breathe spontaneously between mandatory machine-cycled breaths. 1 Respiratory efforts in excess of the mandatory set rate are spontaneous breaths on continuous positive airway pressure (CPAP) with or without pressure support (PS). SIMV, originally designed as a mode for weaning from mechanical ventilation, 2 has also been proposed as a primary mode of ventilatory support. 3, 4 Compared with controlled mechanical ventilation (CMV) or assist-control (A/C) ventilation, proponents have claimed that SIMV has clinical advantages based on its allowance for spontaneous breathing. 1 However, some studies 5, 6 that have evaluated physiologic variables comparing SIMV with other modes of ventilation did not fi nd advantages of this mode of ventilation in terms of work of breathing. To unload inspiratory muscle work during the spontaneous breathing cycles the addition of PS has been proposed. 7 ters with a waiver for consent. For the purpose of this study we selected patients who were ventilated only with SIMV-PS or only with A/C during their total time of ventilatory support. We excluded patients ventilated with SIMV-PS who received neuromuscular blockers (n 5 17) .
Full details of the methodology are shown in Appendix 2. Briefl y, for each patient enrolled we collected baseline data on demographics, severity of illness, and reason for initiation of ventilation. Daily we collected data related to ventilatory parameters, organ failures (cardiovascular, respiratory, renal, hepatic, hematologic) defi ned as a Sequential Organ Failure Assessment score . 2 points for at least 2 consecutive days, and complications (barotrauma, ventilator-associated pneumonia, sepsis, ARDS) arising during ventilation. The onset of weaning was the time that the physician in charge considered the patient likely to resume and sustain spontaneous breathing after a patient met standard criteria for weaning readiness. Weaning was classifi ed as simple weaning (extubation on the fi rst attempt of spontaneous breathing); diffi cult weaning (patients who required up to 7 days from the fi rst spontaneous breathing trial to achieve successful weaning); or prolonged weaning (patients who required . 7 days of weaning after the fi rst spontaneous breathing trial). 15 Patients were prospectively followed to hospital discharge.
Statistical Analysis
Data are expressed as mean (standard deviation), median (interquartile range), or proportions as appropriate. We used Student t test and the Mann-Whitney U test to compare continuous variables, and used a x 2 test or Fisher exact test to compare proportions as appropriate.
Propensity Score Development:
Because the use of SIMV-PS was not randomly assigned, we attempted to deal with treatmentindication bias by developing a propensity score for the use of SIMV-PS. For this purpose, we performed a multivariate analysis using a backward stepwise logistic regression model. Based on a univariate association with a P value , .10, we entered the following variables in the analysis: Simplifi ed Acute Physiology Score II, geographical area, reason for initiation of ventilation (chronic obstructive pulmonary disease, asthma, coma, neuromuscular disease, postoperative acute respiratory failure, sepsis, trauma, or congestive heart failure), and complications arising during ventilation (barotrauma, ARDS, sepsis, ventilator-associated pneumonia, renal failure, hematologic failure, cardiovascular failure). We assessed goodness-of-fi t of the model using the Hosmer-Lemeshow test and model discrimination by evaluating the area under the receiver operator curve.
Estimation of the Effect of the Mode of Ventilation:
Patients were stratifi ed into quintiles according to their predicted probability of ventilation with SIMV-PS. Patients in quintile 1 were least likely to receive ventilation with SIMV-PS (4% of SIMV-PS patients were located in this quintile), whereas those in quintile 5 were most likely to receive ventilation with SIMV-PS (48% of SIMV-PS patients were located in this quintile). Within each quintile, the absolute and relative effects on mortality in the hospital were determined. In addition, the overall effectiveness of mode of ventilation on mortality in the hospital was assessed by logistic regression to adjust by propensity score strata. Within each quintile, a univariate analysis was used to compare the secondary outcomes: use of sedatives, days of ventilatory support, length of stay in the ICU, and mortality in the ICU.
Validation of the Propensity Score:
We explored graphically, using box-plots, the within-quintile residual imbalance in the estimated propensity score. Comparison of propensity score in each quintile was performed with nonparametric Kolmogorov-Smirnov SIMV was fi rst used in adult patients as method for discontinuing mechanical ventilation. 2 Two randomized controlled trials 8, 9 showed that SIMV was associated with signifi cant increases in weaning duration compared with daily T-piece trials or gradual reductions in PS. Additionally, Jounieaux et al 10 found no difference in weaning success when comparing weaning with SIMV alone with SIMV with PS (SIMV-PS) in patients with COPD.
However, despite these negative studies, investigators have documented that SIMV (with or without PS) continues to be used frequently as a mode of ventilation and for weaning. [11] [12] [13] [14] [15] To our knowledge, there are no published studies that have evaluated the use of SIMV-PS (vs A/C) on clinical outcomes, including mortality. Using the data of an international prospective cohort study of mechanical ventilation, 14 we set out to compare clinical outcomes (duration of ventilatory support, ICU mortality, in-hospital mortality) of patients receiving SIMV-PS vs A/C ventilation as their primary mode of ventilatory support.
Materials and Methods
weaning. In the subgroups of both diffi cult and prolonged weaning, there were no differences in the duration of weaning between patients receiving SIMV-PS vs A/C. In these subgroups the most common method of weaning was a gradual reduction of ventilatory support. In the SIMV-PS group, the method most common was SIMV with or without PS (55 of 109 patients; 55%), whereas in the A/C group, PS was used most frequently (109 of 242 patients; 45%). There were no differences in the rate of reintubation (9% in SIMV-PS group vs 9% in A/C group; P 5 .78) or tracheostomy (9% in SIMV-PS group vs 9% in A/C group; P 5 .84).
Discussion
Our main fi nding is that ventilation with SIMV-PS did not have any signifi cant advantage or disadvantage over ventilation with A/C. For a similar probability of ventilation with SIMV-PS, patients ventilated with A/C had a similar duration of mechanical ventilation and mortality.
SIMV has been evaluated in small studies with physiologic variables as outcomes in most of the studies. More than 20 years ago, Marini et al 5 published a study whose purpose was to measure the work of breathing done by 12 patients during spontaneous and SIMV-assisted breaths. There was very little difference between the muscular force generated during spontaneous and assisted breaths, regardless of the level of assistance. Measurement of muscular force output was done through registration of the development of respiratory work per liter of ventilation or through the pressure-time product. These investigators demonstrated that the ventilatory pump remained active during both types of ventilatory support, and there was an increased work of breathing that occurred almost immediately after patients were switched from A/C to SIMV. Their conclusion was that SIMV resulted in signifi cantly less respiratory muscle rest than A/C. This fi nding was corroborated by Imsand et al 6 in a study including fi ve patients during acute exacerbations of COPD. These authors evaluated assisted and spontaneous breaths at different levels of assistance offered by the ventilator. This was done by measuring intrapleural pressure with an esophageal balloon and assessing muscular activity through electromyograms of the diaphragm and the sternomastoid muscles. A slight reduction of the esophageal pressure-time index was found in pressure-control SIMV-assisted breaths. During conventional volume-control SIMV, patients responded to increases in the level of assistance with reductions in the amplitude of the neural inspiratory impulse, although its duration remained stable. It was found that the degree of inspiratory muscle rest offered by test. We used SPSS 17.0 (SPSS Inc.; Chicago, IL) to conduct analyses and considered a P value , .05 to indicate statistical signifi cance.
Results
Among the 4,968 patients included in the original cohort, we identifi ed 350 patients who were ventilated only with SIMV-PS and compared them with 1,228 patients ventilated continually with A/C ( Fig 1 ) . Baseline characteristics for both groups are shown in Table 1 . Table 2 shows univariate and multivariate analyses of the factors associated with SIMV-PS use. Patients receiving SIMV-PS were less likely to be from Latin America or Europe, had lower severity of illness, and were more frequently ventilated postoperatively or for trauma; they were less likely to be ventilated because of asthma or coma or to have developed complications, such as sepsis or cardiovascular failure, during mechanical ventilation. The model obtained (right-hand column of Table 2 ) showed an adequate goodness-of-fi t ( x 2 5 12.04; P 5 .15) and moderate discrimination (area under receiver operator curve 5 0.76; 95% CI, 0.73-0.79; P , .001).
Factors Associated With SIMV-PS Use

Estimation of Treatment Effect: Stratifying on the Quintiles of the Propensity Score
There were no signifi cant differences for in-hospital mortality across propensity strata ( Table 3 ) . After adjustment for propensity score, overall effect of SIMV-PS on mortality was also not signifi cant (odds ratio 1.04; 95% CI, 0.77-1.42; P 5 .78).
In Table 4 we show secondary outcomes according to propensity score quintiles. There was a trend toward a lower sedation (statistically signifi cant in the third quintile) in patients ventilated with SIMV-PS.
Box plots of the estimated propensity score for both groups are depicted in Figure 2 . The distribution of the propensity score was similar within each quintile of the propensity score excepting the fi fth quintile. The Kolmogorov-Smirnov test indicated that distributions were comparable between two groups in each quintile ( P 5 .41; P 5 .59; P 5 .68; P 5 .23; respectively) excepting in the fi fth quintile ( P , .001). Thus, there is some evidence of residual imbalance in observed characteristics between patients ventilated with SIMV-PS and with A/C within the last quintile.
Weaning
In the A/C group, 638 patients (52%) were weaned successfully compared with 245 patients (70%) in the SIMV-PS group ( P , .001). We compared weaning modes in the overall cohort without stratifi cation ( Table 5 ) . In both groups, 60% of patients had a simple cohort studies. 13, 14 Moreover, a recent survey carried out in 55 ICUs in Australia and New Zealand 16 revealed that SIMV, with or without PS, is the mode preferred by specialists in that region.
We observed that physicians were more likely use SIMV-PS as a preferred mode in patients with a lower baseline illness severity, whereas A/C was preferred for those who were more severely ill and likely to develop complications over the course of mechanical ventilation. This is consistent with the observed raw mortality rates, wherein patients ventilated continually with SIMV-PS had a lower mortality than patients initially ventilated with SIMV-PS and later switched to A/C, or those ventilated continually with A/C ( Fig 1 ) .
One of the most important advantages of SIMV-PS could be the reduction in the need for sedation. 17 We only found signifi cant differences in the proportion of patients with sedatives in the third quintile. However, in practice this difference did not translate into any signifi cant differences in outcomes (duration of mechanical ventilation, weaning, stay in the ICU).
The effi cacy of IMV as a weaning technique was initially evaluated in three small studies [18] [19] [20] with methodological limitations. In the mid-1990s two large randomized controlled trials 8, 9 compared the most popular methods of weaning and found that the use of SIMV prolonged the time of weaning vs pressure SIMV is not proportional to the level of assistance given by the ventilator. In addition, Leung et al 7 undertook a comparison, in 11 ventilator-dependent patients, of patient-ventilator interactions with four ventilator modes: A/C, IMV, PS, and a combination of IMV and PS. Progressive increases in IMV rate and PS level each decreased inspiratory pressuretime product. When a pressure support of 10 cm H 2 O was added to a given level of IMV, greater reductions in pressure-time product were achieved not only during intervening breaths but also during mandatory breaths; this additional unloading during mandatory breaths was proportional to the decrease in respiratory drive observed during intervening spontaneous breaths. These studies provide a physiologic demonstration of potential detrimental effects of SIMV on respiratory muscles and central drive.
Despite these data, SIMV (with or without PS) continues to be used as a mode of ventilation and as a weaning mode. In a survey by Venus et al, 11 72% of the responders indicated that IMV was their primary mode of ventilatory support. In contrast, more recent epidemiologic studies [12] [13] [14] have reported a decrease in the use of SIMV, especially alone without PS. However, although use of SIMV as a weaning mode may be decreasing, it remains the second most commonly used mode for ongoing ventilatory support in our mode of ventilation, were not taken into account in our model. In these cases it is important to consider the direction in which this residual confounding would potentially bias results. Patients in the A/C group were clearly signifi cantly sicker than those receiving SIMV-PS; thus we would expect residual confounding to lead to results favoring SIMV-PS. Therefore, the fact that we did not fi nd any significant advantages to the use of SIMV-PS, which is in the opposite direction of this potential bias, is likely to be robust. Second, we included patients from many countries. Although this is clearly adds to the generalizability of our results, different local practices may have infl uenced our results. We tried to minimize this issue by including the geographical area in the model, considering similar practices in areas with cultural support 8 or vs trials with T-piece. 9 These results have influenced how clinicians treat difficult-to-wean patients, and there has been a decrease in the use of SIMV as a method of weaning in recent years. 13, 14 In the current study, it is relevant to note that more than half of the patients who were ventilated with SIMV-PS during the acute phase of their illness were still undergoing weaning with SIMV-PS, a mode that has not been shown to be more effective. 10 Our study has several limitations. First, this is an observational study, the assignment of ventilatory mode was not random, and the regression analysis model for developing the propensity score showed only moderate discrimination and calibration. It is probable that some confounder variables, which could infl uence the decision of choosing SIMV-PS as the and after initiating respiratory support into consideration in the model; we believe that the evolution of the patient could infl uence the decision either to remain on SIMV-PS or switch away from it. We based this decision partly on recommendations proposed by several studies using the propensity score method, 21 which suggest including both baseline variables at admission and variables related to the outcome.
In conclusion, in a large cohort of mechanically ventilated patients, ventilation with SIMV-PSV compared with A/C was more likely to be used in less severely ill patients, either because of trauma or postoperatively. However, when baseline differences between groups were accounted for using a propensity score analysis, no differences were observed in clinically relevant outcomes, such as duration of mechanical ventilation or mortality, despite biases that would have favored SIMV-PS. and economic similarities. Third, we only collected data on total respiratory rate and we did not know the proportion of mandatory vs spontaneous breaths in the SIMV-PS group, or the proportion of assisted vs controlled breaths in the A/C group. It is therefore possible that some patients assigned as SIMV-PS could have received full-support ventilation without any differences from A/C. However, the differences observed between the baseline characteristics of groups clearly suggest clinicians were targeting distinctly different patients for SIMV-PS vs A/C and we believe it is likely they would have selected SIMV-PS when patients were making at least some spontaneous efforts.
Regarding our chosen methodology for developing the propensity scores in this study, we considered the patient on mechanical ventilation to be a patient undergoing a dynamic and changing process. We therefore decided to take variables that were available before (65) 11 (61) 144 (52) 14 (37) 96 (36) 24 (48) 66 (27) 12 (17) 16 (11) 15 (9) See Table 1 for expansion of abbreviations. a P 5 .002. b P 5 .04. Table 1 for expansion of other abbreviations. 
Exclusion Criteria
Study Protocol
Data from patients who met the inclusion criteria and who were enrolled in the study were followed according to the following situations, whichever occurred fi rst: for 28 days after enrollment in the study or until discharge from the hospital and/or death within 28 days after inclusion in the study. The data were collected by the Investigator or Research Coordinator in each ICU. The Study Coordinator for each country was consulted regarding any protocol-related questions. 
